1 Introduction

49
Appetite suppression has previously been observed during acute exposure to both simulated [1] [2] [3] and terrestrial 50 altitude [4] . This effect appears to be maintained during chronic altitude exposures [5, 6] which is associated with 51 significant decreases in energy intake [7, 8] , body mass [7] [8] [9] and physical performance at altitude [9, 10] .
52
Additionally, resting energy expenditure is suggested to be elevated at altitude [1, 11] , which may further stimulate 53 a negative energy balance. Maintaining energy balance is therefore vital for individuals ascending to altitude to 54 maintain body mass and physical capabilities.
55
Previous research at sea level has identified that acute dietary interventions can alter postprandial gut 56 hormone responses [12, 13] and subsequent energy intake [14, 15] . It is well established that protein is the most 57 satiating macronutrient [16, 17] . Contrastingly, high fat meals have been found to produce the smallest magnitude 58 of postprandial acylated ghrelin suppression and the highest appetite scores, compared with other macronutrients 59 [12, 13, 18, 19] . Ghrelin is a 28 amino acid peptide which is post-translationally modified at its serine 3 residue 60 with medium-chain fatty acids (MCFAs), catalysed by the enzyme Ghrelin-O-Acyl-Transferase (GOAT) [20, 21] .
61
This acylation of ghrelin is necessary for it to bind with the growth hormone secretagogue receptor-1a (GHS-R1a)
62
and exert its orexigenic effects [22] . Furthermore, des-acylated ghrelin has been found to inhibit the orexigenic 63 effects of acylated ghrelin, independently of the GHS-R1a [23] . A growing body of evidence suggests that 64 ingested MCFAs are directly utilised in the acylation of ghrelin, increasing circulating concentrations of acylated 65 ghrelin [24, 25] . This effect can increase appetite and has been found to promote a positive energy balance, 66 preventing weight loss in cachectic patients [26] . In addition, compared with other macronutrients, high fat meals 67 may result in a decreased energy expenditure due to their lower thermic effect [27] .
68
Several circulating hormones have been implicated in the development of altitude-induced anorexia,
69
including glucagon-like peptide-1, peptide YY and pancreatic polypeptide. However, recent studies have 70 identified acylated ghrelin as the strongest mediator of this response based on concomitant decreases of appetite 71 and circulating acylated ghrelin concentrations at altitude [1, 2, 28] . It seems plausible that the ingestion of a high 72 fat meal rich in MCFAs may increase circulating acylated ghrelin concentrations, elevate subjective appetite 73 ratings, augment energy intake and decrease energy expenditure. A combination of these factors over a prolonged 74 period would be beneficial in a high altitude environment by helping to maintain energy balance and body mass.
75
The purpose of this study was to compare the effects of a high fat breakfast rich in MCFAs and a high 76 carbohydrate breakfast on appetite, gut hormones, energy intake and substrate oxidation. This study represents 77 the first investigation of an intervention attempting to attenuate reductions in appetite at altitude. 
153
heparinised micro haematocrit tube were used to collect 10 µL and ~45 µL of whole blood, respectively, for the 154 measurement of haemoglobin and haematocrit concentrations. These data were used to estimate plasma volume 155 changes over time [42] . To minimise the effect of any postural changes in plasma volume all blood samples were 156 collected whilst the participant was seated [43] . At each time point samples were collected into one 4.9 mL and 157 one 9 mL pre-cooled EDTA monovette (Sarstedt, Leicester, UK). The 9 mL tube was used for the determination
158
of plasma concentrations of insulin, glucose, lactate, non-esterified fatty acids (NEFA) and triglycerides. The 4.9 159 mL tube was used for the determination of plasma concentrations of acylated and des-acylated ghrelin. To prevent 160 the degradation of acylated ghrelin, 4.9 mL tubes were pre-treated on the morning of each experimental trial, as 161 previously described [1, 44] . Immediately after filling, both tubes were spun at 1500 x g for 10 minutes in a 162 centrifuge (CompactStar CS4, VWR). Plasma from the 9 mL tube was transferred into cryovials and 1 mL of the 163 plasma from the 4.9 mL tube was mixed with 100 µL of 1M hydrochloric acid. This solution was then spun at 164 1500 x g for five minutes before the supernatant was then transferred into cryovials. All cryovials were then
165
immediately frozen at -20 °C before being transferred to -80°C and stored until analysis. respectively. Severe AMS occurred in one and two participants in the HF and HC conditions, respectively. Two-
203
way repeated measures ANOVA revealed a significant effect of time (P = 0.009) on LLS, however no effect of 204 condition (P = 0.313) or condition*time (P = 0.318) was observed. Mean LLS across the entire trial was 1 (2) 205 during the HF and 1 (1) during in HC condition. 
245
There was a significant main effect of time (P = 0.029) and condition*time (P = 0.002), but not condition
246
(P = 0.100) on acylated ghrelin concentrations. Post-hoc analysis revealed that during the postprandial period
247
AUC for acylated ghrelin tended to be higher after the HF breakfast compared with the HC breakfast (P = 0.069, 
250
During the post-exercise period, AUC for acylated ghrelin was not significantly different between conditions (P 251 = 0.153, d = 0.14). There was no effect of time (P = 0.857), condition (P = 0.219) or condition*time (P = 0.605)
252
for des-acylated ghrelin concentrations ( Figure 2B ). Furthermore, there was a tendency for a main effect of 
255
There was a main effect of time (P = 0.005) and condition*time (0.039), but not condition (P = 0.494)
256
for glucose concentrations. Post-hoc analysis revealed that glucose concentrations tended to be higher and were 
265
There was a main effect of time (P < 0.001), condition (P = 0.002) and condition*time (P = 0.005) for 266 lactate concentrations. Post-hoc analysis revealed that lactate concentrations were significantly lower in the 267 postprandial, exercise and post-exercise periods (all P ≤ 0.011, all d ≥ 0.62) in HF compared with HC ( Figure 3C ).
268
There was a main effect of condition*time (P = 0.002), a tendency for condition (P = 0.086) and no effect of time 
296
The appetite responses in the present study corroborate the findings of similar investigations at sea level.
297
Monteleone, Bencivenga [47] observed that a 77% carbohydrate meal suppressed hunger to a significantly greater 298 extent than a 75% fat meal. Furthermore, previous data has suggested that a high carbohydrate meal induces a 299 greater decrease in postprandial ghrelin concentrations than an isocaloric high fat meal [12, 18, 47] . Previous 300 research shows that this larger postprandial decrease in appetite and plasma ghrelin concentrations, begins to 301 manifest approximately 60 minutes after food ingestion [12, 18, 47] , which coincided with the start of exercise in 302 the present study. Therefore, it is possible that the observed differences in appetite and plasma acylated ghrelin 303 concentrations during exercise may be attributable to nutrient transit through the gastrointestinal tract over time,
304
rather than being induced by exercise.
305
The findings of the present study suggest a possible role of insulin in postprandial appetite suppression 306 at altitude. Insulin has been shown to suppress appetite and food intake via signalling in the hypothalamus [48] 307 and it seems feasible that the larger insulin response following the HC breakfast in the present study may have 
320
The high-fat breakfast provided within the current study was rich in coconut oil, a foodstuff known for 
361
Although the current study shows an augmentation of appetite after consuming a high fat breakfast, it is overly 362 simplistic to attribute all of the findings to a single gut hormone. Further research is needed to provide a full 363 mechanistic explanation of these findings. In conclusion, the consumption of a high fat breakfast at 4300m 364 simulated altitude attenuated the suppression of CAS and acylated ghrelin during subsequent exercise. However,
365
this was transient and had no effect on energy intake at an ad-libitum meal provided 1hr 30 minutes after exercise. 
